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Development of Flexible Transparent OLEDs for Lighting Application

2 K F Ex N
Takaaki KUROKI

Junichi FUKAWA

mg

3

E, BIXRILF—, COHIENLERNICEN NS
R, IRILF—HEEIE, EFOAEME - REEZEXT
5747 ATAILDEL, HHHEHOEMFEOHIEEE
M®%%%§H,%mw—ﬁ%taon%”o¢TB
FRIAMERICK 2T RILF—HEBEL, A7 1 XT21%,
ETI6%?ZHHTED, NODFERAT2E 7]0)35553:%
20% = BEATHBL TWA I &I, > TEIX
WX —DHENBRREDOFEETHZH, SWERPZER
TRILILL>TREBEARERANGMI S22 &L, FE
ICREBREHRERD,

BHILIMNOLIRZXyEYR (UTEBELXE
OLED) HRFI&, ARG ERERFEICHSLED &HicH
ABIRPEATZ2RE T 2R MRBHEBOEERNRE U

TEESINTWS, OLED L, SWRENHE - (EEEEK
g - ARREWVWSAENGSHEENLT, ITRILF—
FAZELNFWRAEZBEOERBEATEETH S LT, =HHE
TERBDBEERICEEERDIKBES TRV ENS,
RIBICHBULWERBEEE UTHFINTWS, 5[
BERl - &2k - JLF O TIMEICBELZT/INAM R T
HD, WEBEXFTOEHREMNEL, ZHRETS1IVD
REAEBEANDICAREEI ARSI N T\,

dZAZ/I)LPIE, OLEDBRBEOARKRERDA, X
MERL - /N 2 —@{b ZikiERICED TR D, 20144
[ZiEa—=JL- ks - O—J)LOEEZA V%S5 EIfT,

B TIE, FAR DIEBAHTEH DR A2 Bl % BX
fEL, FickDERICED <IREMAE U iERBmE &
KEI YN\ ARMOBER P ZN SFHREM 2 EEH L
fcLEDTIRREIRBE TERWT L2 JILEERBIE/RILD
FFERRICEL THRET %,

Shigeru KOJIMA

B E —% F 8 B REk
Takatoshi TSUJIMURA

[ B IS (s

Shusaku KON

EARFH 2 =k
Takeshi HAKII

Abstract

Energy conservation is a important issue worldwide in
recent years. Energy consumption has been increasing with
human lifestyles being more convenient. Since energy con-
sumption of lighting equipment has accounted for about
20% of total power consumption, replacing conventional
inefficient lighting with highly efficient lighting will largely
contribute to energy conservation.

Organic light emitting diode (OLED) lighting has become
noticeable as the next generation of lighting together with
LED lighting that has already been familiar in the global mar-
ket. Not only that OLED has a potential to be a highly opti-
cally efficient lighting because of its essential features such
as efficiency, low operation voltage, and area emission, but
also that the sustainable lighting should contain no mercury
different from fluorescent lamps. In addition, features of the
OLED lighting such as extreme thinness, lightweight, and
flexibility can extend the design of lighting fixtures.

Konica Minolta has been working on these issues to spread
OLED lighting. In 2014, Konica Minolta has constructed a new
plant in which a roll-to-roll production method is employed.

In this paper, we report a flexible transparent OLED using
two unique technologies. Our thin metal film technology
supported by the Fick’s law has achieved sheet resistance of
7.34Q)/sq and transparency of 67.3% by 8nm Ag thin film.
Furthermore, our optical enhancement technology has
improved transparency, efficiency, and transparent color
neutrality of the OLED lighting panel.
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Fig. 1 Comparison of structures between a conventional bottom emis-
sion type OLED and our new transparent OLED.
The transparent OLED is characterized by having a transparent
encapsulation layer and a transparent cathode. Our barrier film
technology was applied to the transparent encapsulation layer.
The transparent cathode is an important technology that deter-
mines transparency, efficiency, brightness uniformity, and reli-
ability of the transparent OLED, and is a key to the development
of the transparent OLED.
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Table 1 Comparison of conventional transparent cathode technologies
and their main features.
Each conventional technology has its own problems, and there
is no cathode technology satisfying our high demands. Then,
we proceeded with a development of transparent cathode
including a thin silver interlayer.

Damage on
Cathode material Process Productivity [ emission | Transparency | Resistivity
layer

Metal

b Sputtering Good Excellent Poor

Mgtal ITO TR tgrget Poor No Excellent Poor
oxide sputtering

Thin metal 9 IFEEg tzjlrget Good No Poor Good
(Conventional)  sputtering

Others PEDOT, CNT Coating Good Yes Poor Poor
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Fig. 2 Comparison of models showing initial processes of thin film growth.
(1) A three-dimensional cluster model, (2) a single atomic layer

model, and (3) a three-dimensional cluster forming model on a
single atomic layer. Compring these models, we aimed to achieve
higher conductivity and higher transparency which are inevitable
for the transparent cathode based on a thin film growth using the
model (2). The key technology is how to control diffusion length
of silver atoms.
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Fig. 3 Behavior of atoms evaporated on a substrate.
Eq.6 derived from the Fick’s law shows that the lower the tem-
perature of the substrate (“T"in Eq.6) is, the smaller the diffusion
length (“L"in Eq.6) is. To verify the Fick’s law, we conducted experi-
ments varying temperature of the substrate, which temperature
is a key parameter of Frank-van der Merwe’s type thin film growth.
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Fig. 4 Experimental results of Ag thin layer with 8 nm thickness on a
glass substrate to verify the Fick’s law.
The sheet resistance lowers accordingly to decrease in the sub-
strate temperature. Better Ag layer growth is achieved at lower
temperature. Also it was confirmed by SEM observation that Ag
atoms were formed in a desirable continuous film at -15°C. The
Fick’s law was supported by these results.
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Fig.5 Comparison of features of flexible transparent OLED panels

incorporating a conventional cathode and a newly developed
cathode.
The silver film on the conventional cathode formed an “island
structure” and high resistance value. On the other hand, with
the new cathode, a continuous film was obtained like formed on
a glass substrate, and the brightness uniformity was greatly
improved.

90 KONICA MINOLTA TECHNOLOGY REPORT VOL.14 (2017)



292 & lshEE (SEMIEIB) &7 0, SEPUE S 30 Q/sq
DLEE @D 7ehs, Tk ORFE L 7HHlA Y — F‘&ﬁﬁ’(“

W7 AFER b & RARIEREE (SEMIlifR) 2375 5 1,

@u@%%,%ﬁﬁhﬂﬁﬂm@%#%%hko_nn
B Y HREEYS 11X, FERDB50% ARiICH L, 78% I %
TRIEHEL 7,

3.7 HBIVN\YRKE

< v IS 0 2 FH > 72 3B BH OLED 0 3Z @3 o A koL
Foy 7%, HEG)E IE O SRSy 2 U Tw v,
WIS REOWINDBREH RO 2HBE T o1 5,
TexlZ, ZOFEITR LT, 1) BEES)E g EY: 2 5
WCHGE LI Z /N F 2 5ITN A, 2) R DEUE
LEYGEL, BRRDZHPCTHADNFEI NV R
FrEHED TV D,

Fig. 6 2R DRER & sz DG L T 3T v
v AJE % FERLE L 7258 0NEE — Rl (E# - K
5 - AN 1B 50

KRy 2T 7=oicid, AV —F - 7/ — Fojfi
<)@ ERR D AN f T v v A JF 2 30T 5 HDIERD
THb, TONEI VNV RABOITER - HIED R
LY, SRR A3 13.5% IR S 1, FHICE @K
T0%MICENET 2 WESR I N, ZofERIE, 5%
DBEHOLED DY o —[Al LI KEFET2HDEH
ATW3,
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optical enhancement layers

Transparent encapsulation
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Reflectance (%) 27.6 13.5
Absorbance (%) 14.9 14.8

Fig. 6 Comparison of optical simulation results on optical mode distri-
butions.
The problem of low transmittance of the transparent OLED using
a metal thin film was resolved by introduction of optical enhance-
ment layers.
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Table 2 Comparison of performances.
Our latest model of flexible transparent OLED using a newly
developed transparent cathode based on the Fick’s law and an
optical enhancement technology shows a greatly improved
performance compared to the conventional transparent OLED.

Conventional Newly developed
transparent OLED transparent OLED

Active area 137 x 37 mm 137 x 37 mm
Transmittance 40% 60%
Brightness uniformity <50% >80%
Color (x, y) (0.7+0.05, 0.3+£0.05) (0.7£0.05, 0.3+0.05)

Transmissive color

(-20~+20, -20~+20) (-12~+12, -12~+12)

(a%b%)
Front peak luminance
(cdim?) <300 450
LT70 (hr) at 25°C with
2.5 mA/om? <1000 100,000
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Fig 7 Prototype sample image of the latest model of our flexible trans-
parent OLED.
A photo of the non-light-emitting state proves that our OLED is
the true transparent OLED with excellent neutrality, and a photo
of the light-emitting state shows a high uniformity of brightness
and the emission of half-transparent state, which cannot be
achieved by the existing lighting.
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